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Attneave has recently pointed out an important correspondence between information distribution and the Gestalt principles of perceptual organization that leads him to interpret the good Gestalt as a figure with high internal redundancy (2) . In agreement with this interpretation, an auditory experiment reported by Cherry (3) showed that in simultaneously spoken messages highly redundant verbal groups (cliches) are perceived correctly, even though the messages are otherwise confused. Two learning studies that also bear directly on what is conceptualized here as verbal redundancy are Thorndike's classic experiment on "belongingness" (9) and Guilford's demonstration of the role played by "meaningfulness" (5) .
The present research was designed to investigate functional relationships between auditory perception and two independently varied speech attributes : the amount of information expressed in the patterning of the speech ("cliche"-edness, "belongingness") and the intensity of the speech 1 This paper is based on a dissertation submitted in 1954 to the Graduate School of Purdue University in partial fulfillment of the requirements for the Ph.D. degree. I am indebted to Dr. Lawrence M. Baker for his encouragement and guidance throughout the course of the research. I would also like to acknowledge gratefully the contribution of the Voice Communication Laboratory of the Purdue Speech Department in providing skills and facilities essential to the research. 2 Now with Bell Telephone Laboratories at Lincoln Laboratory, Massachusetts Institute of Technology, Lexington, Mass. relative to white noise. The techniques employed have been adapted from a study by Miller, Heise, and Lichten (7) dealing with relationships between speech intelligibility and context, and a study by Aborn and Rubenstein (1) in which information theory was applied to a verbal learning situation.
Miller, Heise, and Lichten (7) determined thresholds for digits, words in sentences, and nonsense syllables presented through headphones at various speech-to-noise ratios (S/N's). With two of the researchers alternating as E and S, they found 50% thresholds at S/N's of -14 db (digits), -4 db (words in sentences), and + 3 db (nonsense syllables). These differences were interpreted as evidence that intelligibility depended on the range of possible alternatives associated with each type of material.
Aborn and Rubenstein (1) constructed passages of nonsense syllables according to rules based on the logarithmic definition of information (H) derived by Shannon (8) . The organizational structure of the passages was specified exactly, in bits, and treated as an experimental variable. They found that the mean number of correctly recalled syllables tended to increase monotonically from the 4-bit passage to the 1-bit passage, and that the amount of information gained, computed as the product of the number of syllables recalled and average amount of stimulus information, tended to remain constant for most of the passages. METHOD
The Ss were first made familiar with the structure and classification scheme of a nonsense 388 vocabulary through combined visual and auditory training. Following this, Ss listened to different tape-recorded nonsense passages, writing down what they heard, while white noise at various S/N's was also admitted into the headphones.
Several preliminary steps included constructing nonsense passages intended to represent different amounts of input information, hereafter referred to as H(x), making tape recordings of the passages and the nonsense vocabulary they were based on, and assembling an instrumental circuit for the presentation of speech with noise.
Preparation of verbal materials.-A vocabulary of 16 nonsense dissyllables was constructed by systematically permutating four consonants about two vowels. This was done to make the consonants the prime information carriers and to distribute transitional cues. In order to construct different passages according to simple organizational rules, the 16 items were divided into four classes as shown in Table 1 . The members of Class 1 all begin with M, Class 2 items all begin with R, Class 3 with V, and Class 4 with Z. In addition, each class is subdivided into two pairs of items: those having a medial V and those with a medial Z.
Sixteen passages were then constructed, each 36 items long. Four of the passages were organized to represent H(x) at the rate of 1 bit per item, four at the rate of 2 bits per item, four at 3 bits, and four at 4 bits. The rules by which the passages were formed allowed all of the items equal probability within each passage.
In the four 4-bit passages, the dissyllables 
were simply selected at random from the vocabulary.
In the four 3-bit passages, the successive items were selected alternatingly from the V subclass (IV, 2V, 3V, 4V) and the Z subclass (1Z, 2Z, 3Z, 4Z). This restriction excluded the possibility of two successive items having the same medial consonant, reducing the number of alternatives at each point to eight.
In the four 2-bit passages, the items were arranged in groups of four. Within each group, the first item was selected from Class 1, the second from Class 2, the third from Class 3, and the fourth from Class 4. This pattern reduced the number of alternatives at each point to four, throughout the length of the passage.
In the four 1-bit passages, the items were arranged in groups of four, as in the 2-bit passages. As an additional restriction, selection in the successive groups of four was limited to the V subclass for the first group, the Z subclass for the second group, the V subclass for the third group, and so on. This pattern reduced the alternatives at each point to two.
Recording and instrumentation.-The nonsense vocabulary was recorded by means of an Altec-Lansing Model 11 Microphone System with an Altec 21-B miniature Condenser Microphone and a Stancil-Hoffman Magnetic Tape Recorder, Model R-4. The talker, a professor of voice science, monitored his speaking level with the volume indicator (VU meter) of the tape recorder, maintaining the peak intensities within ± 1 db of the recording level. He made eiTorts to minimize differences in stress and duration among the 16 items.
The items of this master tape were then dubbed repeatedly to prepare 16 passages by directing the output of the Stancil-Hoffman recorder into a Presto Tape Recorder, Type 900A. An additional tape, featuring two consecutive presentations of the vocabulary list, was also dubbed for use in training the Ss. The E employed the Altec-Lansing microphone system to record supplementary material on this training tape in his own voice, namely, the number and letter preceding each pair of nonsense items, e.g., "1 V ... meevoom . . . meevoor."
The nonsense passages were combined with white noise by passing the output of a General Radio Random-Noise Generator, Type No. 1390-A, through a Hewlett-Packard Attenuator Set, Model 3SOA, and combining it with the output of the Presto tape recorder in a Thordarson Amplifier, Model T-31W2SA. The combined speech and noise were then directed to a pair of Utah-Chicago Receivers, Model ANB-H-l, which S wore. The S/N was varied by changing the level of the white noise.
Before each S took part in the perception experiment, the voltage across the terminals of the headphones was measured independently for the tape recorder and the noise generator with a vacuum tube voltmeter. The tape recorder measurement was based on a 1000-cycle recorded tone. The output levels of the two instruments' were then equated (S/N = 0) at a voltage equivalent to 78 db re .0002 dynes/cm. 2 as determined by an ADC Artificial Ear. During the familiarization training, the training tape was presented by means of a Knight Tape Recorder, Model 96-485.
Subjects.-Thirteen Ss took part in this study; 10 were graduate students, 2 were undergraduates, 1 had no college experience. The Ss ranged in age from 22 to 32, the modal age being 25. There were nine males and four females.
Familiarization training.-A procedure combining visual and auditory presentation was used to familiarize Ss with the set of nonsense items and the classification scheme. The S was seated so that he could easily look at a standard memory drum by glancing to one side. The E rotated the memory drum manually, presenting each pair of nonsense items visually at the same time they were heard from the loudspeaker of the tape recorder.
On the introductory trial S listened to and copied each pair of nonsense items as it was presented by the training tape and the memory drum preceded by a letter-number combination. After the first trial S was told to study the array of nonsense items for 2 min. Drill trials were then begun with S instructed to anticipate or guess the pair when each of the associated number-letter combinations was heard. When S made an error he was told to copy both members of the pair from the memory drum; when S was correct, the appropriate spaces on the answer sheet were left blank. On the training tape the spoken number-letter preceded the associated spoken nonsense items by about 8 sec. From the end of a pair to the onset of the number-letter of the next pair, there was an interval of about 9 sec. The memory drum was rotated so that IV MVM MVR appeared when the recorded voice began to say "meevoom." The abbreviations shown above (i.e., MVM = meevoom) were used throughout the experiment to simplify S's task. The successive presentations were made in a regular order that was consistent for each S, but was varied among Ss by advancing the starting point to distribute proactive and retroactive inhibition. The training was continued with 2-min. rests between trials until each S attained the criterion of two consecutive perfect trials.
Perceptual experiment.-The four nonsense passages that were organized to represent H(x) at the rate of 1 bit per item were randomly assigned to S/N values of -13 db, -6 db, + 1 db, and + 8 db. The four passages representing H(x) at the rate of 2 bits per items were similarly assigned, as were the four passages representing 3 bits per item, and the four representing 4 bits per item. A random presentation order for the 16 conditions was made up for each S.
The Ss were told to write down the nonsense items as they heard them, guessing when they were not sure. Before each passage was presented, E gave S a card bearing an appropriate organizational rule. The E answered questions raised by S, making sure that the rules were understood.
The interval between items was about 9 sec. in all passages and S recorded his response during this interval. An effort was made to limit S's responses to the reproduction of actual members of the nonsense vocabulary by providing a list of the 16 items for optional reference during the experiment.
RESULTS

Familiarization training.-Although
Ss formed a fairly homogeneous group in terms of age and education, large individual differences in learning speed occurred. The number of trials required by the 13 Ss, ranked from the fastest S to the slowest S, was: 4, 5, S, 6, 6, 7, 7, 8, 10, 11, 13, 14, 15 . When the number of trials required was correlated with total number of correct' responses in the perceptual experiment, a nonsignificant r of -.36 resulted.
Perceptual experiment.-Sixteen scores were obtained for each S, representing the total of correctly reproduced nonsense items for each combination of S/N with H(x}. An analysis of variance was made to test the significance of differences associated with the experimental variables. This analysis is summarized in Table 2 .
The differences associated with the four H(x) rates proved significant at testing the residual variance after the removal of linear and quadratic components.
The variance remaining after the removal of the quadratic component was significant at the .001 point, indicating that the function relating auditory perception to H(x) is at least a third-order curve. With reference to Fig. 1, this analysis implies that the changes in acceleration at 2 bits and 3 bits are real features of the function.
In order to estimate how much information was transmitted, calculations were made according to Shannon's equation for the discrete channel with noise (8, p. 407):
where R = rate of transmission, H(x) = rate of input information, and H y (x) = rate of input information when the output is known (equivocation). A summary of the R rates as a function of H(x) and S/N is given in Table 3 .
The differences associated with the four S/N's were significant at the .001 point. This relationship with auditory perception is shown in Fig. 2 . A progressive increase in the percentage of items correctly perceived results as the S/N is increased. Since the four S/N's were^spaced at equal steps of 7 db, a further analysis of the variance was possible, comparable to the analysis of the H(x) function. The variance remaining after the quadratic component was removed proved significant at the .OS point, indicating that the S/N function is also a third-order curve, at least. This analysis implies that the changes in acceleration are real characteristics of the S/N function.
The interaction of S/N X H(x) proved significant at the .001 point, indicating that the differences in percentage of items correct associated with the various H(x) rates depend on the particular S/N at which the differences are observed. The manner in which the two variables interact is shown in Fig. 3 . db, the percentage of items correct decreases 40.6% as the information is increased. Finally, at a S/N of -13 db, the greatest over-all decrease occurs, a difference of 53.0% between the 1-bit and 4-bit rates.
DISCUSSION
In general the experimental results agree with previous findings. The shape of the S/N curve appears typical of speech intelligibility research involving wide-band white noise (cf. 6, p. 1050). The shape of the H(x) function agrees with the observations of Miller, Heise, and Lichten (7) regarding the effect of context on intelligibility. In their study 50% thresholds of about -13 db and -12 db were observed for the 8-word and 16-word vocabularies, respectively. In the present study at the comparable H(x) rates of 3 bits and 4 bits, 50% thresholds resulted at about -6 db and -5 db, respectively. Despite these differences in absolute thresholds, which may reflect differences in experience of •Ss, or differences in type of materials and their organization, the over-all dependence of perception on number of alternatives is substantiated.
The demonstration of the S/N X H(x) interaction is of considerable interest. This interaction emphasizes the fact that difference in percentage of items perceived at the four H(x) rates cannot be interpreted as a simple function of the a priori probabilities, but on the contrary, depends significantly on S/N.
According to the computed values of R, the transmitted information increases as H(x) increases, notwithstanding the decreasing percentage of items correctly perceived. This relationship holds at each of the four S/N's investigated. A regular decrease of the R values over all H (x) levels occurred with every decrease in S/N except for the two highest H(x) levels at S/N equal to -13 db.
SUMMARY
This study related perception of nonsense passages to two variables: the average rate of input information, H(x); and the speech-to-noise ratio, S/N. A nonsense vocabulary was taught to 13 Ss by means of repeated auditory and visual presentations. At the same time the Ss also learned a scheme for classifying the nonsense items. In the perceptual experiment that followed, the nonsense items were presented auditorily together with white noise. The items were arranged in passages representing four H(x) rates: 1 bit (per item), 2 bits, 3 bits, and 4 bits. At each H(x) rate, four passages were presented, at S/N's of -13 db, -6 db, + 1 db, and + 8 db.
The mean number of items correctly reproduced at the four H(x) rates differed significantly (P < .001) with the means varying as an inverse function of H(x), Tests of the residual variance indicated that the relationship was that of a third-order function or higher. The mean number correct at the four S/N rates also differed significantly (P < .001), with means varying as a direct function of S/N. This was also at least a third-order function.
An interaction between H(x) and S/N (P < .001) acted to qualify their independent effects. Differences associated with H(x) were slight when S/N was high; however, as S/N decreased, the differences associated with H(x) increased significantly in a regular manner. Estimates of R-transmitted informationindicated that as H(x) increased, R also increased, although the percentage of items correct decreased. This relationship was found at all four S/N's.
